The aim of this study was to monitor early gestation in Santa Ines ewes by ultrasound in order to determine embryo and foetal loss, and to identify foetal sex. Ewes (n = 132) were submitted to controlled natural mating. For the purpose of pregnancy diagnosis and embryo monitoring we used transrectal ultrasound with a linear transducer (6.0 and 8.0 MHz). Pregnancy was diagnosed on day 30. On day 35 ultrasound examination was performed to determine embryo viability or loss. On days 40, 50 and 60 ultrasound examination was used to monitor foetal loss and to determine foetal sex, through identification of the genital tubercle or any external genital structure. Out of 118 pregnant ewes, 76 (64.4%) presented single pregnancy and 42 (35.6%) multiple pregnancy. Embryonic deaths occurred in 10.0% of the 160 monitored embryos: 5.6% (9/160) occurred during the embryonic phase and 4.4% (7/160) during the foetal phase, with no significant difference between them. Embryo loss was significantly lower in single pregnancies (3.9%, 3/76) compared to multiple pregnancies (15.5%, 13/84). Sexing accuracy on day 40 was significantly lower than on day 60. There was no difference between days 40 and 50, and between days 50 and 60. This study on Santa Ines sheep shows that ultrasound is a highly effective method for diagnosis of early pregnancy, determination of embryo and foetal loss, as well as foetal sexing after day 50 of pregnancy.
Introduction
Santa Ines sheep have drawn attention of agribusiness investors due to their rusticity, which allows the animals to withstand weather adversities without compromising productivity (Bandeira et al., 2004) . Market demand has encouraged the introduction of technologies that improve reproductive efficiency in genetic breeding programmes. Said technologies require intense reproductive control, which can be achieved by ultrasound .
Despite its potential to rationalise productive capacity of herds (Santos et al., 2004b) , foetal deaths were frequently attributed to ultrasound examination (Horder et al., 1986) . Several studies focused on gestational loss, but Kaulfuss et al. (1997) were the first to report on the use ultrasound for the diagnosis of embryo mortality in ewes. Ultrasound has long been used as an efficient tool to monitor embryo loss, and is usually not associated with multiple pregnancy interruptions (Jainudeen & Hafez, 2004) .
Nowadays, the development of devices with improved image resolution has optimised early pregnancy diagnosis by ultrasound from day 23 through visualisation of the foetal heartbeat (Padilla-Rivas et al., 2005) . The high rate of embryonic loss (25 to 40%) in domestic species during early pregnancy (Immegart, 1997; Jainudeen & Hafez, 2004 ) may result in false positive diagnosis (Buckrell, 1988) , because embryos may not be confirmed in later examinations or at the time of birth (Chalhoub & Ribeiro Filho, 2002) .
Although not recommended, foetal sexing in Santa Ines ewes can be carried out between days 37 and 47 of pregnancy based on the genital tubercle (GT) position, or after day 50 based on the identification of external genital structures, regardless of the type of pregnancy (Santos et al., 2006) , Bürstel et al. (2001) recommended two examinations for multiple pregnancies: the first between days 50 and 56 and the second between days 66 and 70. The aim of this study was to determine foetal mortality and sex in Santa Ines sheep during the first 60 days of pregnancy. We hope to shed some light on the issue of early foetal loss and sexing in small ruminants.
Material and Methods
For the purpose of this study we used 132 Santa Ines ewes, aged two to four years, from two properties in Brejo da Madre de Deus, a city in the countryside of the state of Pernambuco. Conduct of the study was approved by the Universidade Federal Rural de Pernambuco Animal Care and Use Committee.
The ewes were raised in a semi-intensive system with access to native grass. The animals were also fed Cenchrus ciliaris, urocroa grass, the Leguminosae Prosopis juliflora (Swartz) DC, chopped Opuntia fícus-indica and a concentrate feed. Water and mineral salt were offered ad libitum.
Five ultrasound examinations were carried out, viz. on days 30, 35, 40, 50 and 60 of pregnancy, with the animals in a standing position. The transrectal ultrasound apparatus used in this study was a 240 Parus (Esaote Pie Medical -Maastricht/Netherlands) apparatus equipped with a linear transducer (6.0 and 8.0 MHz) adapted on a PVC support to facilitate manipulation of the rectum of the animal, as suggested by Oliveira et al. (2004) . Ultrasound images were printed on a Sony printer (Seikosha VP/1200 -Tokyo/Japan). All examinations were performed by the same technician.
Ultrasound evaluations were also performed on day 30 after mating in order to diagnose pregnancy and on day 35 after mating in order to confirm pregnancy and determine embryonic and foetal loss, as proposed by Santos et al. (2004a) . On days 40, 50 and 60 of pregnancy ultrasound was carried out to determine foetal viability and loss, as reported by Kaulfuss et al. (1997) , and to identify foetal sex by GT identification or visualisation of any external genital structure, according to Reichenbach et al. (2004) .
The embryo and foetal loss, as well as the accuracy of gender identification, were statistically analyzed by the chi-square test with a significance level of 5%.
Results
Of the 132 ewes examined, 118 (89.4%) were pregnant. Of these 76 (64.4%) presented single pregnancy and 42 (35.6%) multiple pregnancy. The number of single pregnancies was significantly higher (P <0.05) than multiple pregnancies.
Conceptus death occurred in 10.0% of the 160 embryos: 5.6% (9/160) occurred during the embryonic phase and 4.4% (7/160) during the foetal phase (Figure 1 ) without significant difference (P >0.05) between them. Embryo loss was significantly lower (P <0.05) in single pregnancies (3.9%, 3/76) compared to multiple pregnancies (15.5%, 13/84) (Figure 1 Sexing accuracy on day 40 of pregnancy was significantly lower (P <0.05) than on day 60. There was no difference (P >0.05) between days 40 and 50, and between days 50 and 60 of pregnancy (Table 1) . Figure 2 presents the images of early and late embryo loss and Figure 3 shows GTs and external genitalia of male and female foetuses.
Discussion
The pregnancy rate determined in this study is similar to that determined by Tainturier et al. (1983) , Buckrell (1988) , Haibel (1990) , Aiumlamai et al. (1992) , Garcia et al. (1993) , Schrick & Inskeep (1993) , Chalhoub (2000) and Padilla-Rivas et al. (2005) . This confirms the recommendations made by White et al. (1984) on the use of transrectal ultrasound examination in sheep as being a precise, rapid and safe method. Examinations were carried out during a phase of pregnancy that favours the determination of the number of embryos and the visualisation of important ultrasound parameters, such as foetal movement or heartbeat.
According to Immegart (1997) and Jainudeen & Hafez (2004) , the incidence of gestational loss in domestic species is higher in the beginning of the embryonic phase, and varies from 8 to 13% in sheep (Arthur, 1979) . In the study by Arthur (1979) no difference was recorded between embryo and foetal loss, and the percentage of embryo loss was below these rates. Gestational loss is a result of natural selection for genotype that is more adapted to the environment (Arthur, 1979) and must be regarded as a normal process of elimination of inadequate genotypes, mainly from multiple pregnancies (Arthur, 1979; Jainudeen & Hafez, 2004) .
Similar to the findings of Arthur (1979) and Jainudeen & Hafez (2004) , we also found gestational loss to be more common in multiple pregnancies, and regarded it as a natural process. Related to this, Kleemann & Walker (2005) observed that in Merino sheep gestational loss due to inadequate nutrition or high temperatures was more frequent in multiple pregnancies than in single ones.
The lowest accuracy in gender identification on day 40 of pregnancy could be due to the fact that in Santa Ines sheep GT migration occurs between days 37 and 46 (Santos et al., 2006) . It is important to note that this nine-day period of GT migration is a long period, and can confuse the operator when differentiating between males and females, as occurred in this study. For this reason is it crucial to know the period of GT migration, even if the ultrasound examination operator is experienced and skilful.
It is also important to bear in mind that the distance covered by the GT from the initial to the final position is much shorter in female foetuses than in male ones. This difference explains why it is difficult to determine the sex in abattoir-derived foetuses , and why it is even more difficult to correctly determine the sex of a 40-day-old foetus based exclusively on ultrasound images. To reduce false diagnosis, Bürstel (2002) and Reichenbach et al. (2004) suggested repeated examinations, or examination at a later time, which allows visualisation of the GT at its final location, or the identification of external genital structures.
The examinations carried out on days 50 and 60 of pregnancy confirmed these observations; there was no difference between foetal sexing. The accuracy on days 50 and 60 of pregnancy was more compromised South African Journal of Animal Science 2009, 39 (4) © South African Society for Animal Science 311 by the foetal position, which impaired gender identification, than on day 40. Probably, if examinations had been repeated, as is recommended by Bürstel (2002) and Reichenbach et al. (2004) , the percentage of correct diagnoses would be higher, especially in multiple pregnancies, where diagnosis is more difficult (White et al., 1984; Gearhart et al., 1988; Haibel, 1990) . In the case of multiple pregnancies, Bürstel et al. (2001) propose two examinations, the first between days 50 and 56 of pregnancy, and the second between days 66 and 70. In our study, the accuracy obtained in the examinations carried out on day 60 of pregnancy did not differ from that reported by Coughbrough & Castell (1998) and Andrade et al. (2004) , who performed one evaluation in single pregnancies, and Santos et al. (2006) , who performed several examinations in multiple pregnancies. However, our findings are in disagreement with the findings of Bürstel et al. (2002) , who reported that transrectal examination is not recommended for multiple pregnancies.
